INTRODUCTION

Determination
of chemical oxygen demand using permanganate (CODMn)1,2) is frequently used as an index of water pollution caused by effluents from factories.
However, the oxidation rates vary widely with different pollutants.
The relationship between CODMn values and chemical structure is not well known but is very important in the estimation of the COD values of sewage. Previously3), we investigated the CODMn of fatty acids. In this report we will examine the corresponding alkaline substances, viz, the aliphatic monoamines. These are common malodorous substances released from polluted waters as a result of the decomposition of amino acids and proteins contained in various effluents. Only a few studies4,5) of amine CODMn values have been reported. This report deals with the oxidation rates, effect of AgNO3 and decomposition products. CODMn values were determined using the previously described6) semimicro method.
MATERIALS
1. Reagents Distilled water was prepared by double distillation from KMnO4.
H2SO4, NaOH, KMnO4 and sodium oxalate were special reagent grades as reported previously6). Aliphatic amines used were as follows. Methylamine (GR): Tokyo Chemical Industry. Another prim, sec and tert amines, choline chloride (GR or EP): Wako Chemical. Benzalkonium chloride (EP): Kanto Chemical.
Another quaternary ammonium salts (GR or EP): Tokyo Chemical Industry.
Apparatus
Heating apparatus for the semimicro COD determination has previously been described6). A Pyrex beaker (50ml) covered with a watch glass was used as the reaction vessel and immersed in boiling water for a specified time.
The fatty acids produced by the COD treatment were identified using a Shimadzu 7AG gas chromato-METHODS 1. Determination of CODMn The determination of COD using KMnO4 as the oxidizing agent was carried out using the previously reported semimicro method6). In the micro method, the volume of sample solution was reduced to 20ml from that used in the standard method1).
CODMn values obtained with the micro method corresponded well to those previously determined using the standard JIS method. 2. Determination of fatty acids as decomposition products from amines 0.25N KMnO4 (2ml) added. The beaker was immersed in the boiling water bath and heated for 40min.
The vessel was removed from the water bath and sufficient 1% hydroxylamine hydrochloride added to just decolorize the residual KMnO4. The solution was then acidified with (1+2) H2SO4 (ca. 2ml) and transferred to an Erlenmeyer flask. Then distillation took place and distilled water was added to give the distillate a total of 16ml in the measuring cylinder containing 1N HCl (0.16ml). The acidic solution was directly injected into GC.
Recovery rate of this distillation of fatty acids was as follows: C2-acid, 48.9%; C3-acid, 49.8%; C4 -acid , 81.9%; C5-acid, 83.6%; C6-acid, 81.6%; C7-acid, 87.5%; C8-acid, 75.1%; C10-acid, 39.7%.
Determination
of ammonia in the reaction solution Immediately after the alkaline COD treatment of amines using reflux condenser, the reaction mixture was decolorized using 0.1M glucose solution.
The solution was diluted to a volume of 26ml with distilled water and the solution was then distilled.
When 16ml of distillate had been collected, the ammonia present was determined using the indophenol blue method7). Recovery rate of this separation by distillation was 98.1%.
Examination
of BOD of amines BOD of amines was determined by dilution method8) using running water from the Tatara River near Tokushima Bunri University as a seeding solution. 
Relationship between the COD values and molar concentration of amines
As shown in Fig. 1A , the acidic COD values for C1-, C2-, C3-and C4-prim-amines did not increase markedly with increasing amine concentration.
However the values for C5-prim-amines and higher homologues increased rapidly.
On the other hand, the alkaline COD values of all the amines tested (with the exception of tertbutylamine) rose rapidly as their concentrations were increased (Fig. 1B) .
Effect of AgNO3 on acidic COD values
The addition of AgNO3 solution to the reaction mixture had no catalytic effect on the oxidative decomposition of amines including branched chain aliphatic amines (Fig. 2) . The reason is because the effect of Ag+ when added to amines is negligible and the occurrence of fatty acids as decomposition products are very few. Thus the catalytic effect on fatty acids was not present, as shown in Fig. 2 .
In the case of tri-n-propylamine, the addition of AgNO3 initially decreased the COD value but continued addition had no further effect.
Production of fatty acids from amines
The production of fatty acids by acidic and basic oxidation of n-octylamine was investigated using GC (Fig. 3) . Only a small amount of fatty acids was produced upon acidic oxidation, owing to the low COD value. In the alkaline method, however, larger amounts of C8-and lower fatty acids were produced.
Release of ammonium as the result of COD treatment
The amino group of amines is thought to be released as ammonium ions during the reaction. The reaction mixture was distilled after basification, and the presence of ammonia in the distillate was determined using the indophenol method (Fig.  4) .
In the alkaline COD method, the rate of production of ammonium was highest for ethylamine, and decreased with increasing carbon numbers. The rate depends greatly upon the concentration of KMnO4.
Longer carbon chain amines are able to produce corresponding and shorter chain fatty acids, and thus consume larger amounts of KMnO4. As a result, the remaining KMnO4 decreased and production of ammonia also decreased. In the C3-amine, from sec-to tert-amines, release of ammonia decreased greatly. This is because, two or three fatty acid molecules will be released from their amines and consume larger amounts of KMnO4.
COD values of monoamines
Results of COD determination of monoamines are listed in Table 1 . In the calculation of the theoretical COD values listed in column A it was assumed that carbon and hydrogen are oxidized to CO2 and H2O respectively and that the amino group is released as ammonium ion (NH4+). Column B lists
The mean COD values of these amines were 0.029 (g/g) in the acidic method and 0.708 (g/g) in the alakline method. The mean oxidation rate was 0.976% in the acidic and 28.4% in the alkaline method, so the alkaline rate was considerably higher than the acidic rate.
In the alkaline method, the COD of C5-amine was largest among mono-n-alkylamines and the COD of sec-amines were higher than normal amines. Tert-C3-amines did not consume oxygen.
6. COD values of quaternary ammonium salts In tetramethylammonium chloride, the COD values were very low in both the acidic and alkaline method. In tetra-n-butylammonium chloride, COD values were a little greater in the alkaline medium. In trioctylmethylammonium chloride, COD values were considerably increased in an acidic medium and it is considered that the released C8-acid itself consumed oxygen, as shown in Fig. 5 .
Above all, the COD values of quaternary ammonium salts were very low in both acidic and alkaline methods and their oxidation ratcs were below 3% ( Table 2 ).
The COD of benzethonium chloride was very high in an acidic medium whereas it was very low in an alkaline medium.
The ether linkages contained in the benzethonium chloride molecule are cleaved and oxidation is promoted by the Table 1 Relationship between theoretical and experimental COD values obtained by semimicro acidic and alkaline determination methods (amines). Heating time: 20min in acidic, 40min in alkaline. Benzalkonium chloride has no definite molecular weight, so the oxidation rate could not be calculated. From the COD (g/g), COD values are low in both acidic and alkaline media as previously mentioned. The COD of choline chloride was high in an acidic but much higher in an alkaline medium. It is thought that the alcoholic OH in the alkyl groups is oxidized first, followed by oxidation of the ammonium group.
The effects of AgNO3 addition on the COD values were rather low except in the case of choline chloride. In tri-C8-ammonium and benzalkonium salts an increase in COD results when 1ml of 20% AgNO3 was added, as shown in Fig. 6 .
The small effect of AgNO3 in the case of the quaternary ammonium salts is due to the minor release of fatty acid from the alkyl groups.
The release of ammonium ion from quaternary ammonium salts as the result of COD treatment is shown in Fig. 7 . It is suggested that the quaternary ammonium-N is very stable and releases ammonia with difficulty.
7. BOD values of amines BOD values determined with dilution method are listed in Table 3 . Primary amines showed good oxidation rates, mean value 57.9% except C12-amine.
The rate for secondary amines was lower (13.8%) and that for tetrary amines lower still (4.8%). The mean value for all monoamines was 33.9% which is a little larger than value for alkaline COD (28.4%). amines. In trioctylmethylammonium or benzalkonium salts an increase in COD values resulted from the addition of AgNO3.
As decomposition products, corresponding and shorter alkyl chain fatty acids were detected. The amino group of amines was released as ammonium ions.
The mean oxidation rate of BOD of amines was 33.9%, a little larger than the alkaline COD rate. These fundamental results will be useful in the evaluation of the COD of amines, amino acids and related substances.
